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To Be Submittad For Publication In The Proceedings Of The European

Accelerator Conference, Rome, Italy, Juno 7-11, 1988.

PERPORJ4ANCEOF THE MS ALAMOSEXPANDINGTELESCOPE*

T, Domhck

On Behalf of tho Los Alamos-Argonno Collaboration

An ●xpandin~ tolascopa can producm ● vary low divergence particle

b~am, prov!dsd tha: tho bmm optics havo sufficient quality in ordar not

to introduca largo abarrstiona. Even ●s lat. ●s two yaars ago tharo

wro no chaoroticcl baaulin. codos, and lictlo ●xpcrimantal work that

could dascribo the third.ordar ●barrationm lntroducad by ●n oxpandin~

ttlcacopo, A projaot was undortakan ● t Los Alamo- National Laboratory

to p~rform thost calcul~tions, •~ld to build ● tcloscopo to confirm tha

pradiccionm, It van install-d ●t Argonne National Laboratory during tho

muior of 1987 and tostad in ● 50 kV H= beam. ‘h tolosoopc consistod

of ● singlet ●yaploco ●nd triplet objoctivo lans with ● twanty timas

❑agnification, It porforncd to the design spooiflcationc of twenty.fiva

❑icro=radlana baam divarconco with ● parall~l beam foaua. Ths ●oasurcd

#oomctrio ●berrations vora found to ba in agr~amont with tho aomputor

calaulatiorw,



COPE. TICS Eou-

Tha experiment was performed using the Argonna Laboratory 50 MeV

H-linear accelerator. The ❑ omentum spraad of the beam incident into tha

telescope was measurad to be lass than O,lt, The beam emittanca was

adjusted using collimators in tha transport lina betwaen tha ●ccalorator

●nd the ttlascope to yield tha dosirod valuo near ●n rms of 0,06x-cm-

mrad. With thess settings wa achicvod ● beam current natir 250 ❑lcroamps

incidant on th~ talaacopa at ● 3 Hz pulsa rat.. MIS to tha law current

dansitios, spaco-chargo offocts wsro nsgligibla throughout tha

exporimant,

Tha tal~scopo is shown schematically in Fig. 1, ●nd consistod of ●

singlet ●yapiacc ●nd a triplet objoctivo ions, ●ach composod of

parmanont ❑agnats. Tho ovarall length botwaon tha magnatic ●laments was

7.7 motatsl Tho da~lgn magnification waa twmty, providing ● Cau~#ian.

shaped spot with ● 2,5-cm rms radius ●t tha toloscopo ●xit, Tho

baamlinu ●nd toloscopa paramotors aro wmarizad in Table Ii

Tho tolsscopa diagnostics included ● toroid, strivlina baam

position monitors, wiro scannars, fluoroscant sctdens, c d wira harpa.

TIM poaitiona of ●ach of thosa dovicoa im lndicatad in Fig, 1, ●nd their

scnmitivitits ● ro sumarlzad in Tabl@ 2. Thma dwlcss -ra usad to

•li~n tho baam ●nd to obtain tha corroct tuna to ● loval mar 400

microradiana in divorgmta-i Thor. waa an intentional built-in

redundancy in tho diagnostics which provad valuablo during th run.
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The telascopo had a design specification of twenty-five

microradians beam divar~anco with ● parallel beam focus, Third-order

goomatric ●b~rrations war. pradictad by computer calculations to be ●

fow micro-radian por cm3, giving riso to angular deviations of up to 250

❑icroradians ●t twica tha rms beam

tolascopo optics st this pracision

had seldom, if war, bom achiavcd

An optical method of imaging

to moamro tha baam quality out of

shown ●chamatically in Fig. 2, ●nd

taloscopa objactiva ions, A plats

radiua. Tha characterization of th

roquirod ❑ oasur~mancs in ● range that

for ● particla beam.

pinholaa onto ●

tha taloscopo,

was placed just

fluor was davalopad

IM ●quipmont is

downstream of tho

with tiny pinholaa waa inmartad into

tha ●xpandad baam junc downatrmam of tha stoarinc magnet in diagnomtica

box DB02. Tho incidant H- Farticlos wtrs strippad to H+ cvoryvhara in

tho plats ●xcopc whara tha tiny pinholas intorcaptod tha baam. Tho

pin!!olos, havin~ diamotcrs of ●bout 200 microns, wors coattd with ● thin

2 in ●real density, that convmrtod halfnoutralicar foil, 8 micrograms/cm

of ths ramaining H= to ncucral Ho, A largo swoop magnet dotmtroam of

tho pinholo plata ramovod ●ll char~od SPOCIOS loavint only tho nautral

Ho bsamlota to continue dowmtroam. Thso panotratsd ● fluoroscont

mcrom placed ●t ● diatanco of 10 maters. ‘h pinholoa nrs ●rranged in

● roetilintsr ●rray on l=om cont~rs, swh that ●ny distortion oaumd by

tha btam ●berrations woula ●ppaar ●s shifts in tho controidc of the

imagsa from their ●xp-atad positions. Firet=ordar shifts war. a ❑oasura

of tho beam focus ●nd #taorin#, whilo thfrd=ordor shifts woro tho ‘tsult

of sphcri~al ●berration. In proptgatlng ovor the 10.m distano., h



beamlats naturally grew in diameter, such that the obaemed pinholrn

widths ●lso provided ● measure of the local beam divergence.

Two cameras recorded tha pinhole images in the detector chamber.

One of thase employed a cooled chargad-couplod dovica (CCD) with a 27

micron pixal size on ● grid of 512 rows by 512 columns. This camera

viewed the ●ntiro baas spot (about ● 10-cm diameter viewing ●rea) with a

❑agnification near 0,1. It was usad to obtain information on beam focus

●nd aborratlons. The othor camera was ●n 18-- FPS videcon placed on

tha other side of the beamlina, It was used ●t ● magnification near

ur,ity, such that it ima~ed tho width of i:,dividual pinholes to obtain ●

meaaurn of the beam divergence, Either camera could ba used by moving

the ●ppropriate. ●irror and fluor into place. Thim procedure did not

requirm re=focua or recalibration of the cameras. A calibration plate,

inserttd periodically at the fluor position, was used to chack the

geometric integrity of tho CCD ●nd videcon camerfls.

A second optical method to characterize the beam used a p:acision

grid of wires placed directly into the H- baam in diagnostics box DBO1

rhtit cast shadows onto ● fluer ● t ● distanca cf 4,5 meters placed in

DB02 , The wire grid was stretched ● t 5-M Intekvala ●nd the wire

poaitlona were measured to ● one uieron precision. The 254 micron wide

Ni wires used in tha grid were the optimal thickness for the 4.5-Is

distsnce LO th fluor in order to obtain ● good beam divergence

memmirement, The shadow Imqes were viewed on ● RMEX fluor by a CCD

camera (11.5=sicro~ x 27-micron pixel site), placed ●t ● 30° ●ngle with

tospoat to the bosm ●xis. The aamera pan, tile and facus were ●djusted

remotely,
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The parameters of the pinhole and wire shadow beam

characterization equipment is summarized in Table 11, A direct

comparison waa made between the wire shadow and the pinhole measurements

to aaa if tihey gave the same results for beam divergence and

aberrations.

W. tuned th~ telascopa in zteps during the run. In tha first

stop, we adjustad quadrupols magnets in the tranaport lina to ●chievo

the desired spot sizo ● t tho ●xit of tha telescope ●nd ● roughly

parallel beam focus, Tho spot siza was measured usin~ the wira harps,

●nd we usad wire shadows to ●chieve ● beam focus parallel to within 100

microradians/cm by visual inspection of the ●verage wire separation on

tha fluor image,

The final beam focus required small ●djustments to the currants in

three quadruple trim coils wound ●round the beam pips inside the

pemanent.magnets of the triplet objectlva lens, For this meaeuroment

we ustd ● computar ●nalysis of the pinhole ima~e separations, whora tha

f!rat.order centroid shifts gave ● measure of the telascope focum.

Using this data, the trim=coil currant settings to achitve ● parallel

beam wure calculated using theoretical values of cha R=matrix for ths

telescope ●lemonts, This requirorl the ●oluzion of a sat of simultaneo!~s

linear ●quations, ●nd was aecomplfs,led in ●n iterative fashion, usin~

the pinhole measurements ●nd ●n on-lLne feedback program in ●n ●utomatic

olosod=loop to adjust the trim soils. In thla way we ●chieved a focus

of s 5 miaroradims/cm ovar the beam kpot, In the final ●arios of

●djustments, the chansas to the magnet fLeld strentths amountad to only



O.lt, These valuem had to be calculated by compuLar, am it was

virtually impossible to vtimize these settings by manual ●djustment,

With tho telescope ● t its best tuna, we ❑easured the geometric

abarrationm. Fig. 3 shows ona of tha pinholo-pattern images taken

during Rho run. The third-order ●berration is evident in cho barrel

distortion, ●nd tho (X,Y) controida ware fit to obtain th~ ●berration

coafficiontm. Averaging ovor many such pictures, we obtained th~ third-

order ●berration co~fficionts given in Tablo III, ●long with their rms

fluctuations datominod from the data. I%asa ● rrors show that our

camara system maasurcd thoso coofficimts to a precision frcm 2* co 109.

Also shown in TaLlo 111 is the prcdictiona of tho various computar

programa2=4, ●nd tha agraoment with tha deta is good.

From tho pinhola width data wo ●howcd that tho ●xpandad beam had

achiavad tha dcairod baam divargonca of lass than 25 microradiana in

both tho x ●nd y directions, The pracision of this maasuramant vaa a

fractica of a microradian. By ●djusting tha collimators in tho

transport lina, wo fomd that tha dlvarganc~ changsd linaarly with cha

input ●mictanco into th, tolascopo ●s ●xpactod for a constant spot SIZO.

A direct comparison botw~an cha pinhole ●nd th- wlro shadow

maacuromants was U* for ● particular talcscopa totting. ‘M

●berration rmults ● rc shown in Tablo IV, Tho third=ordar cubic term

in x ●nd y datorminod from tho vlro sh~dows ●Sra@d within tho ●rrorn

with thoso datorminad from th’ p~r~olos. Tho third=ordcr cross toms

var. conaiotont with zero from tho vim shadow moasuromants, ●nd war.

not in ●brmmmt with tho pinholo data. Vo ● ro aurrontly Invoatigating

this diacrapancy. A fit to tho shadow profil~s domonstratod tho ● rror=
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function shape that had been predicted, and the beam divergence

obtained in this way agreed with the pinhole width data.

TIM important roaulto from thas~ measurements were: (a) a

raliablo ❑oasuremant of the third-ordar ●b~rrationa of tho telescope

that agrcad with tha compucor calculations, (b) ● confirmation that the

baam divargonca was ●mitcanco dominatad ●nd scaled linearly with tho

collimator sotcings in tha transport line, (c) ● dommmtration that the

pinholo data could b. ●mployod successfully in ●n ●utomatic bsam tuning

process, ●nd (d) ● damonmtration that viro shadows givo similar rssults

in beam characterization as tha pinholo mathod, though mm. work is

naodod to undarstancl tha discrapancios.

Tho next major initiative for tho tolmscopa ● t Argonm is ●n

upgrado using ● large boro (1.5 ❑) ●loctro-magnet in placo of thg

●xisting (0.3 ❑) ob.jactivo ions. Octupola correcting coils will ba

installed to rcmovo tho third-ordor ●berration distortion, This

sxporimant will b. run in tho lata sumar of 1988.
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Beam

Homentum spread

Emittance

Telo@copa langth

Eyepiece

Objoctlvo lens

Objoctiva Ions ●perture

Toloscope magnification

spot siz~

B-am divargenca

Striplina baem position monitor resolution

Wir8

Uirm

●cannerm:

wire aizo

position resolution

harps :

wire ●pacing

wira sizo

50 MeV H-

< 0.18

0,06m-cm-mrac! (rme)

7.7 m

quadruple singlet
(permanert magnet)

quedrupole triplet
(permanent magnets)

0,3 m

20 x

2.5-cm radius (rmo)

< 25 ❑icr ad (rme)
3

~5 microns

50-~icron diamotar (Ni)

*2O microns

500microm wido by 12
microns thick (Ni)

,
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Pinhole diagnostic:

pinhole widths

pinhole array

200 microns

12-cm x 12-cm array on
l-cm canters

distance from pinholes to fluor

CCD camera

FPS videcon camera

10 m

512 x 512 array of 27
micron pixels,
magnification - 0.1

18 mm x 18 mm active

area, with 30 micron

pJ.xols, magnification - 1.0

Wira shadow diagnostic:

wire grid 20-cm x 20-cm array on
5-mm centers

wire ●izo 254 micran diamater (Ni)

wirs spacing tolerance ❑easured to 1 micron

distance from grid to fluor 4,5 m

CCD camra 11.5=micron x 27-micron
pixels, viewing fluor ●t
30°, magnification near
0,1 (adjustable)
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Coefficient Measurement* MARYLIE2 GIOS3 MOTR4

e/x3 -0.59 ~ 0.06 -0.47 -0.51 -0.54

~m2 -2.16 AO.04 -2.28 -2,38 -2.34

W3 -1.33 kooo2 -1.36, -1.39 -1.23

~m2 -1.97 to.04 -2.28 -2.39 -2,31

. .

Coefficient rinholas* Wiro Shadows*

e/x3 -0.74~ 0,06 -0.78 *0,04

#f13 -1.27 ~ 0.02 -l.lafomos

*Units ●re microradians/cm3.
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Fig. 1. Tho ●xpanding talascopo for the 50 MaV H“ beam is shown

schematically. The ●yepiaco ●nd objec~iva ions wart

composod of pormanont magtmts, TW positions of tho

toloscopa diagnoatica ●ro also Indicttod, T’t,a paramotors of

tha taloscopo ●lomonts aro m.ummrlzod in Tablo I.

Fig. 2, Th beam clamsnts just dovnstroam of tha objactlvo ions to

tho beam stop that woro used for beam charactmr:.zation ●rt

shown Qchamatically, Tho significant parts of tht llno aro

numbarcd and Mantlfi-d in tha ~igura, whilo their oporation

is discus-ad in tht taxt.

Fig, 3, A data picturo taken during tha run ia praaontad showing tho

pinholo cuntrofd Images, Tho “barral distortion”

charactorimtic of tha third=oraor goomotrio ●berration in

●vidant. Tho tvo ●xtrti holas in tho middle of tho picturo

aro mark~ra co indicato tho contor of tha pinhole plate,

Fi8, 4, A data pictura takan during the run of tho wiro shadow

imag~s is shown, T’h ●amo ‘barrel dlatortlon’ ●vldmnt in

Fig. 3 ia ●lso soon hare.
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